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The thesis entitled “Studies Directed Towards The Total Synthesis of Bioactive 11, 12-
Cyclopropyl Analogs of Hepoxilin, Pertrosynol and Development of Novel Methodologies 
for Pyrrole Derivatives” has been divided into three chapters. 
Chapter-I:   This chapter is divided into two sections: Section A and Section B. 
Section A:   This section describes an introduction, biological activity and previous synthetic 
approaches for the synthesis of 11, 12-Cyclopropyl analogs of Hepoxilin and 
related molecules 
Section B:   This section describes the present studies directed towards the total synthesis of 11, 
12-Cyclopropyl analogs of Hepoxilin 
Chapter-II:   This chapter is divided into two sections: Section A and section B 
Section A:  This section describes an introduction to long chain polyacetylenic molecules, 
biological activity and the previous synthetic approaches for the synthesis of 
Petrosynol 
Section B:  This section describes our stereoselective synthetic approach towards the total 
synthesis of Petrosynol 
Chapter-III:  This chapter is divided into three sections: Section A, B and C 
 Section A:   This section describes the introduction to pyrrole and its derivatives. 
Section B:   This section describes the previous and present synthesis of pyrrole derivatives such as 
3-(1H-pyrrol-1-yl)indolin-2-one and 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b] quinoxalin 
using different Lewis acid and solvents.  
Section C: This section describes synthesis of C-pyrrolyl glycosides derivative with cerium 
chloride hepta hydrate. 
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Chapter-I 
Section A: This section describes an introduction, biological activity and previous synthetic 
approaches for the synthesis of 11, 12-Cyclopropyl analogs of Hepoxilin and related molecules. 
Introduction:  
Eicosanoids, the arachidonic acid derived substances are of fundamental importance in 
maintaining normal physiological conditions, a process known as "homeostasis" in mammalian 
systems. Eicosanoids are signaling molecules, synthesized by most of living creatures. 
Eicosanoids are oxygenated essential fatty acids which are not stored in cells but are produced as 
and when required by organism by breaking down of larger molecules i.e., phospholipids and 
diacylglycerols present in cell and nuclear membrane. Many eicosanoids exhibit biological 
activity and have been shown to possess potent pharmacological activities that may be of 
physiological or pathological importance. Hepoxilins (Hx) A3 and B3 are naturally occurring 
biologically active metabolites of 12(S)-HPETE (Hydroxy peroxy eicosatrienoic acid). Hepoxilin 
were isolated in 1982 from incubation of arachidonoic acid. The name Hepoxilin is a 
combination of hydroxyl epoxide and insulin. They have been shown to stimulate insulin 
secretion of Ca2+ transport across membranes and to mobilize Ca3+ from intracellular stores in 
human neutrophil. Additional studies have shown that HxA3 increases vascular tone and vascular 
permeability. However due to intrinsic instability of natural Hepoxilin it was clear that these 
compounds would not be very effective in vivo , therefore Pace Asciak had been to modify the 
unstable allylic epoxide group of HxA3 through replacement with a cyclopropyl group to render 
it  more chemically and metabolically stable form. These stable analogs also called as PBT-3 and 
PBT-4 derived from Pace BioacTive compound. PBT are stable analogs of Hepoxilin and 
nonsensitive to acid pH found to be active when adminstared in vivo. The two isomeric analogs  
of Hepoxilin : methyl 8-hydroxy –11,12-cyclopropyl-5(Z),9(E),14(Z)-eicosatrienoate (∆HxA3) 
and methyl 10-hydroxy –11,12-cyclopropyl-5(Z),8(Z),14(Z)-eicosatrienoate (∆HxB3) are 
produced from arachidonic acid in mammalian blood platelets. Hepoxilins have also been 
implicated in neutrotransmission with actions on mammalian and Aplysia neurons. So 
Cyclopropyl ring containg Hepoxilin has four analogs: syn ∆HxA3 and ∆HxB3 and anti ∆ HxA3 
ABSTRACT 
III 
 
and ∆HxB3. (syn and anti in respect of stereochemistry of hydroxyl group and cyclopropane 
ring).the four analogs of 11, 12 cycloproyl analogs are listed below. 
 
 
  
 
 
 
 
 
 
 
 
Section B: This section describes the present studies directed towards the total synthesis of 11, 
12-cyclopropyl analogs of Hepoxilin. 
The Reterosynthetic pathway: 
As a part of ongoing synthetic plan towards the flexible stereoselective synthesis of 
∆HxB3 1, a synthetic route has been designed to achieve other three analogs of ∆Hx. The 
retrosynthetic strategy followed in the present work for the synthesis of total four analogs of 
∆HxA3 (PBT-1 and PBT-2) and ∆HxB3 (PBT-3 and PBT-4). The PBT-1 and PBT-3 could be 
acheived by mitsunobu inversion of hydroxyl group of PBT-2 and PBT-4. Their allylic 
rearrangement for the conversion of cis geometry of PBT-3 and PBT-4 into trans PBT-1 and 
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PBT-2 respectively. Our main target and intermediate of all other analogs of Hepoxilin, ∆HxB3 
1, could be synthesized from catalytic reduction of skipped diyne 2, which could be obtained by 
coupling of cyclopropyl alkyne 3 and propargylic bromide 4. The cyclopropyl alkyne 3 could in 
turn be achieved from intermediate 5, which could be synthesized from Cyclopropyl alcohol 6, 
and 6 is accessible from D-Galactose 7. Propargylic bromide 4 could be achieved from 
commercially available 5-hexyn-ol 8 (Scheme 1). 
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1. Synthesis of Cyclopropyl unit 6: 
The studies were initiated towards the synthesis of ∆ HxB3 1 with the synthesis of highly 
functionalised key fragment 6. Accordingly D-Galactose 7 was treated with acetic anhydride, 
HBr/AcOH and neutralized with anhydrous sodium acetate followed by treatment with 
pulverized CuSO4.5H2O and Zn in a solution of water and AcOH containing sodium acetate to 
afford tri-O-acetyl-D-galactal 9 in 52% yield. The Ferrier rearrangement of tri-O-acetyl-D-
galactal 9 with triethylsilane in the presence of BF3.OEt2, at 0 oC in CH2Cl2 led to the formation 
of 3, 6-dihydro pyran 10 in 96% yield. Compound 10 was subjected to deacetylation using 
K2CO3 in MeOH to afford diol 11 in 90 % yield. The primary hydroxyl group of diol 11 was 
protected as its TBDPS ether using TBDPSCl and imidazole in the presence of DMAP in 
CH2Cl2: THF (19:1) solvent ratio at 0 oC to afford compound 12 in 88% yield (Scheme 2).  
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The cyclopropanation of compound 12 gave a diastereomeric mixture of Cyclopropyl 
unit 6 in variable yields and ratios in different conditions. The Simmon Smith’s stereocontrolled  
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cyclopropanation was most efficient in providing a syn-selectivity of 96% using Zn-Cu couple 
with CH2I2 in dry ether under reflux condition to afford the cyclopropyl moiety 6 in 80 % yield 
(Scheme 3). 
2. Synthesis of intermediate 5 
 The secondary hydroxyl group of 6 was protected as its TBDPS ether using TBDPSCl and 
imidazole in the presence of DMAP in CH2Cl2 at 0 oC to room temperature to afford compound 
13, which was subjected to selective deprotection of primary TBDPS group using p-TSA in 
MeOH affording alcohol 14 (overall yield of two steps 80% yield). Then compound 14 was 
converted to its corresponding chloro compound 15 using TPP/CCl4 under reflux in 74% yield. 
The chlorinated compound 15 was subjected to base induced elimination with n-BuLi in dry 
THF at -78 oC to afford the cyclopropyl alcohol 5 in 88% yield (Scheme 4).  
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3. Synthesis of key intermediate cyclopropyl alkyne 3: 
The oxidation of compound 5 with Dess-Martin-Periodinane furnished aldehyde 16 
which underwent epimerization with Cs2CO3 in degassed MeOH for 36 hrs to afford epimerized 
aldehyde 17 in overall 60% yield (11:1 ratio of epimerized aldehyde and cis-aldehyde). The 
aldehyde 17 was subjected to homologation using MOM- Wittig olefination and 2N HCl in THF 
to give homologated aldehyde 18 in 58% yield. Cis-Witting olefination of aldehyde 95 with salt 
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of triphenyl phosphine hexyl bromide using n-BuLi at -78 oC to rt afforded the key fragment 
cyclopropyl alkyne 3 in 72% yield (Scheme 5). 
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Having fragment 3 in hand, the following section describes the synthesis of fragment 4 
 
4. Synthesis of propargylic bromide 4 
The commercially available 5-hexyn-1-ol 8 was subjected to silylation using TBSCl and 
imidazole to give TBS ether 19 in 98% yield. The alkyne 19 was converted to propargylic 
alcohol 20 following Grignard condition with paraformaldehyde in 78% yield.  
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The THP protection of propargylic alcohol 20 with 2, 3-dihydro 2H-pyran in presence of 
catalytic amount of dry CSA in dry CH2Cl2 afforded compound 21 in 90% yield (Scheme 6). 
Compound 21 was underwent selective deprotection of TBS with TBAF in dry THF to 
afford alcohol 22 in 80% yield. The free hydroxyl alcohol of compound 22 was converted into 
acid 23 with BAIB and TEMPO in CH2Cl2:H2O (3:1) in 77 % yield. The esterification of acid 23 
into its methyl ester 24 was achieved with insitu generated diazomethane from ethereal solution 
of NMU salt in 40% KOH solution in 96% yield. The methyl ester 24 underwent THP 
deprotection with p-TSA in MeOH, to afford primary alcohol 25 in 87% yield. The primary 
alcohol 25 was brominated with carbon tetrabromide and triphenylphosphine to afford 
propargylic bromide 4 in 78% yield (Scheme 7). 
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After achieving the required fragments, in the following, coupling of alkyne 3 and 
propargylic bromide 4 are described: 
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5. Synthesis of skipped diyne 2 via coupling of key fragments 3 and 4: 
The crucial acetylenic coupling to afford skipped diyne has failed several time with 
various conditions (Table 1), but finally skipped diyne 2 was achieved by coupling of 
cyclopropyl alkyne 3 and propargylic bromide 4 with Cs2CO3, NaI, CuI in dry DMF  in 56% 
yield (Table 1, entry 6).(Scheme 8). 
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Table 1: Different conditions used for acetylenic coupling to achieve skipped diyne 2 
aIsolated yield after column chromatography purification
Entry Reagents and conditions Result
1
n-BuLi, dry THF, at -78 0C to rt
when X= OTs, I, Br, OTf
2
n-BuLi, dry THF,HMPA
at -78 0C to rt
when X= OTs, I, Br, OTf
3 Grignard conditions, dry THF
at -78 0C to rt
when X= I, Br, Cl
complex
mixture
10%yielda
Time
4
6
K2CO3, NaI, CuI, dry DMF
at RT when X= I
when x= Br
Cs2CO3, NaI, CuI, dry DMF
at RT when X=Br
2 days
36 h
2 h
40 h
20 h
decomposed
56%yielda
45 h 7%yielda
complex
mixture
 
ABSTRACT 
X 
 
The skipped diyne 2 was subjected to first TBDPS deprotection and then catalytic 
reduction of two triple bonds or vice versa using various conditions to get the target molecule 
Hepoxilin B3, which was unsuccessful. This may be attributed due to high instability nature of 
skipped diyne 2. Work to achieve our target is currently being pursued.(scheme 9). If we will success to 
achieve Hepoxilin B3, we can easily prepare other analogs also. 
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In summary, a new stereoselective route for synthesis of more stable and biological 
active 11, 12-cyclopropyl analogs of Hepoxilin A3 and B3 has been developed, which were 
achieved by starting from D-Galactose. The key steps involved were stereocontrolled 
cyclopropanation and pyran ring opening using conditions (developed in our group) followed by 
Wittig olefination and skipped diyne formation. This is the key intermediate which could be used 
towards the synthesis of various analogs. 
Chapter II 
Section A: This section describes an introduction of long chain polyacetylenic molecules, 
biological activity and the previous synthetic approaches for the synthesis of Petrosynol. 
Introduction: 
Polyacetylenes have been identified as unique class of natural products possessing 
diverse biological activities such as anti-microbial, anti-fungal, anti-fouling, H+, K+ -ATPase 
inhibitory, HIV inhibitory, immunosuppressive and anti-tumor activities. Poly acetylenes are 
common as components of terrestrial plants and are prevalent within compositae. It is only 
recently that biologically active polyacetylenes are isolated from the marine sponges. 
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Petrosynol 1, the polyacetylenic alcohol, was isolated from the marine sponge Petrosia 
species by Fusetani et al., in 1987. The structure including absolute configuration of secondary 
alcohol was determined by spectral and chemical methods. Petrosynol 1 was evaluated for its 
inhibitory potency against the various activities of HIV-1 RT, i.e., RDDP, DDDP and RNase H 
functions. It exhibited inhibitory activity for the DNA polymerase functions. As an ongoing 
process on the synthesis of biologically active anti-tumor agents, a programme was initiated 
towards the total synthesis of Petrosynol 1 (figure 1). 
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PETROSYNOL 1 
Figure 1 
Section B: This section describes our stereoselective synthetic approach towards the total 
synthesis of Petrosynol.  
 
The Reterosynthetic analysis: 
The reterosynthetic strategy for the synthesis of Petrosynol 1 is depicted in Scheme 1. The 
structural analysis revealed that the target compound Petrosynol 1 could be obtained from the 
key fragments 3 and 4, which inturn could be synthesized from propargylic alcohol moiety 5 and 
readily available 1, 7-heptanediol 7, respectively. Compound 5 could be synthesized from easily 
available D-glucose using our protocol in 8 steps. 
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1. Synthesis of propargylic alcohol 5 
The studies were initiated towards the synthesis of Petrosynol 1 with the synthesis of 
highly functionalised key fragment 3. Accordingly, D-Glucose was treated with acetic 
anhydride, HBr/AcOH and neutralized with anhydrous sodium acetate and then treated with 
pulverized CuSO4.5H2O and Zn in a solution of water and AcOH containing sodium acetate to 
afford tri-O-acetyl-D-glucal 6 in 92% yield. The Ferrier rearrangement of tri-O-acetyl-D-glucal 
6 with triethylsilane in the presence of of BF3.OEt2 at 0 oC in CH2Cl2 lead to the formation of  
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3, 6-Dihydro pyran 9 in 96% yield. Compound 9 was subjected to deacetylation using K2CO3 
in MeOH to afford diol 10 in 90% yield. The primary hydroxyl group of 10 was protected as its 
TBS ether using TBSCl and imidazole in the presence of DMAP in CH2Cl2: THF (19:1) at 0oC 
to afford compound 11 in 82% yield. The secondary hydroxyl group of 11 was protected as its 
TBDPS ether using TBDPSCl and imidazole in the presence of DMAP in CH2Cl2 at 0oC to  
afford compound 12 which was subjected to selective primary desilylation using catalytic p-
TSA in methanol at 0oC to give primary alcohol 13 in 75% yield for  two step. The primary 
alcohol 13 was converted to its corresponding chloro compound 14 using TPP/CCl4 under 
reflux in 87% yield (scheme 11). The chlorinated compound 14 was subjected to base indued 
elimination with n-BuLi in dry THF at -78oC to afford the acetyl alcohol 5 in 88% yield 
(Scheme 2). 
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2. Synthesis of key fragment 3 
The oxidation of compound 5 with activated MnO2 retained cis geometry and gave aldehyde 
15 in 88% yield, which was immediately exposed to coupling reaction with lithium ion of TMS–
acetylene generated by n-BuLi at -78 oC in dry THF to afford  racemic alcohol compound 16 in 
77% yield. 
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The Dess-Martin-Periodinane oxidation converted compound 16 into enynone 17 was in 88% 
yield .The enynone 17 then subjected to stereoselective (S)-CBS reduction to give chiral alcohol 
18 in 60 % yield with 89% de (determined by HPLC). The free hydroxyl group of chiral 
compound 18 was protected as its TBS ether using TBSCl and imidazole in the presence of 
DMAP in CH2Cl2 at 0oC to afford compound 19 in 90% yield. Deprotection of TMS group of 
compound 19 using K2CO3 in MeOH afforded the key intermeaite 3 in 81% yield (Scheme 3). 
 
3. Synthesis of propargylic bromide 4: 
The synthesis of key fragment was started from selective mono TBS protection of 
commercially available 1, 7-heptane diol 7 using TBSCl and imidazole in dry DMF at 0 oC to RT 
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to afford compound 20 in 78 % yield. The oxidation of primary hydroxyl group of compound 20 
with PDC in dry CH2Cl2 afforded aldehyde 21 (70 % yield), which was subjected to two carbon 
homologation with PPh3CHCHO to afford (E)-α, β-unsaturated aldehyde 22 in 77 % yield. The 
aldehyde 22 was immediately exposed to coupling reaction with lithium ion of TMS–acetylene 
generated by n-BuLi at -78 oC in dry THF to afford  racemic alcohol compound 23 in 80 % yield. 
The Dess-Martin-Periodinane oxidation converted compound 23 into enynone 24 in 88% yield. 
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The enynone 24 was subjected to stereoselective (S)-CBS reduction to give chiral alcohol 25 
in 68 % yield with 91% ee (determined by HPLC).The free hydroxyl group of chiral compound 
25  was protected as its TBS ether using TBSCl and imidazole in the presence of DMAP in 
CH2Cl2 at 0 oC to afford compound 26 in 84% yield. Compound 26 underwent selective primary 
desilylation successfully using catalytic p-TSA in methanol at -10 oC to give primary alcohol 27 
in 78% yield. The primary hydroxylgroup underwent bromination with carbon tetrabromide and 
triphenyl phosphine to afford propargylic bromide 4 in 83 % yield (Scheme 5). 
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4. Synthesis towards target molecule:  
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Scheme 6  
The key intermediate 3 and 4 (where X= Br, Cl, I, OTs, or OTf) were exposed to 
coupling with various conditions viz., LDA, nBuLi, and Grignard conditions to obtain tetrakis-
acetylene derivative 2 (scheme 6, table 1). Unexpectedly, however, a complex mixture of 
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products was obtained and could not be characterized. Work to optimize the target molecule is 
currently being pursued. 
Table 1. Different conditions used for coupling to achieve tetrakis-acetylene derivative 2 
Entry Reagents and conditions Result
1
LDA, dry THF, at -78 0C to rt
when X= OTs, I, Br, OTf
2
n-BuLi, dry THF, HMPA
at -78 0C to rt
when X= OTs, I, Br, OTf
3
Grignard conditions, dry THF
at -78 0C to rt
when X= I, Br, Cl
complex
mixtures
Time
2 days
36 h
2 h decomposed
complex
mixtures
TPP, Pd2(dba)3 , n-BuLi,
dry THF, at 60 0C
when X= I, Br
4. 1h
decomposed
 
 
In summary, we have accomplished a highly convergent and stereoselective synthesis of 
two key fragments of Petrosynol. The stereocenters of substituted (3S, 4Z, 6S)-4-octen-1, 7-
diyne-3, 6-diol 3, an attractive chiral building block was obtained by Ferrier rearrangement and 
pyran ring opening via oxa-carbenium ion using our developed conditions. Then rest 
stereocenters were obtained by (S)-CBS reduction. 
 
Chapter-III: This chapter is divided into three sections: Section A, B and C. 
Section A: This section describes the introduction of pyrrole and its derivatives. 
Introduction: 
Pyrroles are important nitrogen containing heterocycles that are becoming useful in 
medicinal chemistry and organic synthesis. The pyrrole derivatives are ubiquitous among 
naturally occurring organic compounds. They are important building blocks in various 
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biologically active molecules such as chlorophyll, porphyrin, heamoglobin, vitamin B12, indigo 
and bile pigment. Pyrrole ring is a key aspect in many synthetic pathways. Pyrrole based amino 
acids are suitable building blocks for the preparation of drug-like scaffolds for combinatorial 
chemistry. Pyrrole derivatives are also present in various bio-active drug molecules such as atorvastatin 
(cholesterol lowering drug), antitumor agents (Roseophilin), anti-inflammatants and immunosuppressants. 
Consequently, a variety of synthetic methods for the preparation of pyrrole derivatives have been 
reported in the literature. Among them, the Paal-Knorr reaction remains one of the most 
attractive methods for the synthesis of pyrroles. However, many of these classical methods often 
involve the use of stoichiometric amounts of reagents, extended reaction times and also generate 
a mixture of products. Subsequently, new catalytic systems are being explored in search of 
improved efficiencies. Since indolinone and quinoxaline systems are useful and important in the 
field of drugs and pharmaceuticals, the development of simple, convenient and high yielding 
protocols is desirable. 
Section B: This section describes the previous and present synthesis of pyrrole derivative such as 
3-(1H-pyrrol-1-yl)indolin-2-one and 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b]quinoxalin using 
different lewis acid and solvents.  
1. Dy(OTf)3 or InCl3 catalyzed coupling of 4-hydroxyproline with isatins: An expeditious 
synthesis of 3-pyrrolyl indolin-2-ones: 
The pyrrole substituted indolinones by the condensation 4-hydroxy proline with isatins. 
Dy(OTf)3 or InCl3 found to catalyse efficiently the coupling of 4-hydroxy proline with isatins. 
Since substituted pyrroles are useful and important in the field of pharmaceuticals, the 
development of simple, convenient and cost-effective methods using inexpensive and recyclable 
solid acids for the synthesis of N-substituted pyrroles remains to be a challenging task. In 
continuation of our interest on the catalytic applications of lanthanide triflates as water-tolerant 
and recyclable Lewis acids in carbon-carbon bond forming reactions, we herein report an 
efficient synthesis of N-substituted pyrroles attached to indole skeleton by a coupling of 4-
hydroxy proline with isatins under neutral conditions. Accordingly, treatment of isatin (1) with 
4-hydroxy proline (2) in the presence of Dy(OTf)3 in acetonitrile at 80 °C for 20 min gave the 
corresponding 3-(1H-pyrrol-1-yl)indolin-2-one (3a) in 94% yield with high selectivity (Scheme 
1). 
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 In summary, we describe a novel and efficient protocol for the preparation of 3-(1H-
pyrrol-1-yl)indolin-2-ones from 4-hydroxy proline and isatins using Dy(OTf)3 or InCl3. In 
addition to its simplicity and milder reaction conditions, this method offers high yields of 
products in short reaction times. This method provides an easy access to the synthesis of 3-(1H-
pyrrol-1-yl) indolin-2-one and 11-(1H-pyrrol-1-yl)-11H-indeno[1,2-b] quinoxalin derivatives in 
a single-step operation.  
 
2. Iodine-catalyzed coupling of 4-hydroxyproline with isatins: An expeditious synthesis of 
3-pyrrolyl indolin-2-ones: 
Molecular iodine is found to catalyze efficiently the coupling 4-hydroxyproline with isatins 
under mild conditions to produce 3-(1H-pyrrol-1-yl)indolin-2-one and 11-(1H-pyrrol-1-yl)-11H-
indeno[1,2-b]quinoxalin derivatives in excellent yields in a short reaction time with high 
selectivity. The use of iodine makes this procedure quite simple, more convenient and cost- 
effective. 
N
H
CO2H
HO
I2
+
t-BuOH, 70 oC
N
N
N
N
N
O
4 2 5
Scheme 2  
We herein report the first direct and metal catalyst-free rapid synthesis of N-substituted 
pyrroles attached to indole skeleton by a coupling of 4-hydroxy proline with isatins under neutral 
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conditions. Accordingly, treatment of 11H-indeno[1,2-b]quinoxalin-11-one with 4-hydroxy 
proline (2) in the presence of molecular iodine in t-Butanol at 70 °C for 30 min gave the 
corresponding 311-(1H-pyrrol-1-yl)-11H-indeno[1,2-b]quinoxalin 5 in 85% yield with high 
selectivity (scheme 2).  
In summary, molecular iodine is proved to be a useful and novel reagent for the preparation 
of 3-(1H-pyrrol-1-yl)indolin-2-ones in high yields in a short reaction time. The use of molecular 
iodine makes this procedure is quite simple, more convenient and practical. This method 
provides an easy access to the synthesis of 3-(1H-pyrrol-1-yl)indolin-2-one and 11-(1H-pyrrol-1-
yl)-11H-indeno[1,2-b]quinoxalin derivatives.  
Section C: This section describes synthesis of C-pyrrolyl glycosides derivative with cerium 
chloride hepta hydrate. 
CeCl3⋅7H2O/H2O-A versatile catalyst for the synthesis of C-pyrrolyl glycosides: 
1, 3-Diketones and β-ketoesters undergo smooth coupling with glucosamine in the presence 
of 10 mol% of CeCl3⋅7H2O in water at 80 °C to furnish C-pyrrolyl glycosides in good to high 
yields. The reactions of cyclic ketones such as dimedone, and 1, 3-indandione with glucosamine 
gave the corresponding 3, 4-dihydroxy-tetrahydrofuran-2-yl)-6, 7-dihydro-1H-indol-4-one 
derivatives.  
a) CeCl3 7H2O/H2O, 80 oC
O OH
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Scheme 3  
These hydroxyl derivatives are directly converted into acetates using acetic anhydride and 
dimethylaminopyridine. The use of readily available CeCl3⋅7H2O makes this procedure quite 
simple, more convenient and practical. For instance, treatment of glucosamine 6 with acetyl 
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acetone 7 in the presence of 10 mol% of CeCl3⋅7H2O in water at 80 ºC for 4h followed by 
acetylation gave the product 8 in 86% yield (Scheme 3).  
In summary, we have demonstrated an efficient protocol for the synthesis of C-pyrrolyl 
glycosides from 2-amino-D-glucose and 1, 3-ketones and β-ketoesters. The use of inexpensive 
and readily available CeCl3 makes this method simple, convenient and practical. The versatility 
and synthetic usefulness of this methodology was demonstrated in the synthesis of some 
interesting optically pure pyrroles. We believe that these C-pyrrolyl glycosides may find 
applications in drug discovery program. 
 
 
 
